How to measure metabolic rates in the 
field? - Isotopes and energetics 


Radioactive isotopes e.g. H? 
Stable isotopes e.g. O16, O!5, H1, H? 
Doubly-labelled water 


WATER TURNOVER RATE 


Water turnover rate (WTR) can be determined using an isotope 
(deuterium H2 or tritium H3) for free-living animals. 
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FIELD WATER TURNOVER RATE 


Field water balance can be understood from a budget balance 
sheet approach. 
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The concept of water turnover 


The concept of water turnover and dilution of body : 


pure water is added, and mixed water is removed 
- at constant rates 


Over time, the dyed water becomes clearer until it eventually 
ends up clear! 
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The concept of water turnover 


In this simple example, the "animal" is in equilibrium and so: 
IN = OUT 


* The blue dye represents the isotope of water (e.g. deuterium) 
* Normal water is shown as clear 


The "water turnover rate" is equal to the rate at which fresh 
water is added, which is equal to the rate at which the labelled 
water is removed i.e. 


WTR = IN = OUT 
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When not at equilibrium — its more 
complicated 


e.g. if there is no input, only loss, then the beaker simply loses 
water by evaporation 


The original "concentration" of dye remains constant since the 

"dye" is just an isotope of water which we shall assume is lost by 

evaporation at the same rate as normal water. Now, there is an 

OUT component to water balance but there is no input or 

apparent turnover from the "dye" dilution i.e. 
WTR=IN=0<OUT? 


When not at equilibrium 


Consider the situation when there is no loss of water but there is 
an addition of fresh water. There is an IN avenue and an apparent 
WTR, but no OUT i.e. 


WTR z IN » OUT - 0? 


FIELD METABOLIC RATE 


Field metabolic rate (FMR) can also be determined using a 
combination of isotopes (H? or H?, and O!5) 


Both WTR and FMR can be measured for free-living animals. 
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WATER AND ENERGY TURNOVER 


The water balance and energetics of myrmecophagy (eating ants 
and termites) by certain lizards well illustrates the functional 
relationships between water and energy balance. 


The thorny devil is an excellent example of a myrmecophagous 
lizard. 
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WATER AND ENERGY TURNOVER 


Thorny devils consume about 750 ants per day & digest 6596 of the 
energy. 


The ants (mainly /ridomyrmex) weigh about 0.5 mg, contain 6296 
water, and have 29.2 kJ energy per gram dry weight. They also gain 
metabolic water at the rate of 0.03ml/kJ of energy intake. 


This predicts a water turnover rate of 0.31 ml/day and a FMR of 2.7 
kJ/day. 


In practice, the WTR and FMR of free-living thorny devils was 0.30 
ml/day and 2.8 kJ/day, confirming the theoretical predictions. 


You are what you eat! 


